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(54) Liquid aspiration from a sealed container 

(57) A fluid is aspirated from a sealed container ( 1 2) 
and a precise quantity of the aspirated fluki is dis- 
pensed. The method involves standard steps of Insert- 
ing a probe (20 into the container (12) through the con- 
tainer seat (14) and aspirating bubbles and the selected 
quantity of ftutd into the probe before rerrKiving the probe 
from the container and dispensing the fluid. The method 
also includes an ac&litional step performed at at le^ 
one stage in the method to assure that, before the dis- 
pensirtg operatkyt is perfonmed, sanrtple fluki in the 
probe extertds to the end of the probe without any fluki 
extending beyond the end of the probe. For one embod- 
iment of the invention, both the selected quantity of fluid 
to be dtspefYsed and a selected extra volume of fluki are 
initially aspirated and, prior to the dispensing step, a se- 
lected quantity of the sample whk:h is greater than the 
maximum amount that air bubbles in the probe might 
shrink as a result of the pressure in the container being 
less than the pressure outside the container, but less 
than the selected extra volume, is wasted. An additkxial 
step might be to withdraw a volume of fluid from the 
probe before the probe is inserted into the container 
whk:h IS substantially equal to the fluid and air but>bles 
to be aspirated, such fluid being replaced by air entering 
the probe and then dispensing such volume of air from 
the probe into the container after the probe has been 
inserted into the container. A holtow needle (18) may 
also be inserted into the container prbr to the aspiration 
operation to equalize the pressure inside and outskie 



the container before the above step is perfonrted or, the 
pressure and air volume in the container may be deter- 
mined and used to cak:ulate the change in air volume 
of air bubbles which will occur when the probe is re- 
moved from the container and this informatkxi used to 
compensate for such increase or shrinkage when fluki 
is removed from the probe prior to insertkxi into the con- 
tainer and when air from the probe is injected into the 
container alter insertkxi. 
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Description 

Field of the invention 

This invention relates to systems for aspirating and 
dispensing fluid from seated containers and more par- 
ttcularty to a method for providing enhanced accuracy 
in performing such aspiration and dispensing operation. 

Background at the Invention 

While the aspiration of flukis from sealed containers 
may be required in various industrial and laboratory set- 
tings, such procedures are most frequentty performed 
in medical laboratories and other medical settings 
where blood, other bodily fluids or some reactant or di- 
lutant is aspirated from a sealed test tube, bottle, vial or 
other container and is then dispertsed into a cuvette or 
other vessel to have appropriate test procedures per- 
formed thereon. The containers in which the fluid is ini- 
tially stored are frequently at a significant initial negative 
pressure so as to both facilitate the drawing of blood into 
the container and to also inhibit the escape of blood from 
the container. However, even where the container is not 
negatively pressurized, the pressure in the container 
nDay vary significantly as a result of factors such as 
changes in the volume of fluid in the container, changes 
in the temperature of the fluid and on ambient temper- 
ature, and leakage through the seals. Where the blood 
in the container is taken directly from an irKlivldual, the 
pressure may also vary depending on the blood pres- 
sure of the individual from whom the bkxxi was ob- 
tained. 

Therefore, the pressure in the container at any giv- 
en time can vary significantly, either positively or nega- 
tively, but generally negatively, from the ambient or at- 
mospheric pressure outside the contairter This pres- 
sure vartatnn can cause errors tn the quantity of fluid 
dispensed when standard fluid aspirating arid dispens- 
ing procedures are utilized. In partcutar, the standard 
procedure for aspiration is to insert the probe into the 
container, aspirate a small gas bubble into the probe to 
separate the fluid being aspirated from the water or oth- 
er fluid being acted on by the pump in the system, aspi- 
rate at least one small separator sample of fluid, aspirate 
another separator air bubble(s) and then aspirate the 
sample. The probe is them removed from the container 
and the pump of the system is operated to dispense a 
precise quantity of the sample. 

However, if the pressure in the container is less than 
that outside the container, the air bubbles in the probe 
will shrink slightly when the probe is renrK>ved from the 
container, resulting in a small air gap at the t^ of the 
probe. Therefore, when the punrtp attempts to dispense 
a precise quantity of fluid, the initial dispensing will be 
of air, resulting in a slight underdispensing of the blood 
or other flukJ. Depending on the pressure differential, the 
size of the bubbles and the size of the sample, this un- 



derproviskw) of sample may be 10% or more of the de- 
sired sample arxJ could lead to inaccurate results in 
medical tests being performed. Similarly, if the pressure 
in the container is greater tfian the external ambient 

s pressure, the bubbles will expand when the probe is re- 
rrKTved from the container, causing a drop of fluki to form 
at the end of the probe which can result in an over dis- 
pensing of liquki with similar undesirable results. 

In the past, to the extent these problems have been 

10 dealt with, they have been dealt with by assuring that 
the pressure in the container is equalized with the ex- 
ternal pressure when the prcbe is inserted in the con- 
tainer, while the sample is aspirated artd when the probe 
is removed. One way of accomplishing this objective ^ 

IS for example taught in U.S. Patent No. 4,951 ,512 which 
utilizes a cannula surrounding the probe whk:h is insert- 
ed through the seal with the probe or prk>r to insertbn 
of the probe artd remains in place through the aspirating 
c^eration. Air flowing through the space between the 

20 probe and cannula keeps the pressure equalized be- 
tween the inskie and outskle of the container. While this 
mechanism solves the problems irtdk^ted above, it also 
has a number of limitatkxis. First, when the open can- 
nula is initially inserted into the container, bkxxi can 

25 shoot out through cannula. With today's AIDS con- 
sck>usness, any procedure whk:h results in bkxxJ splat- 
tering or aerosol is undesirable. Second, the devk:e is 
relatively complex to make and use and is much more 
complk:ated to dean than if only a probe were utilized. 

30 Finally, the cannula makes a much larger hole in the seat 
than wouU be made by the probe alone, therefore re- 
quiring a greater force to penetrate and increasing the 
chances for an incomplete resealing of the container af- 
ter the probe and cannula are rerrtoved. 

3S It wouki therefore be desirable if the problem of in- 
accurate flukl disperising resulting from pressure drffer- 
^tials between the inskie and outskie of the sealed 
container couki be eliminated without the use of an ad- 
ditional cannula arourtd the probe to provide continuous 

40 pressure equaltzation. 

Summary of the Invention 

In accordance with the above, this inventk>n pro- 
vkies a method for aspirating a fluki from a sealed con- 
tainer and for dispensing a precise quantity of the aspi- 
rated fluki. The method irwolves inserting a probe into 
the container through the container seal, this step beffig 
performed while maintaining the container in the sealed 

so cofKiition. At least one bubble is provkied in the probe 
to separate any sample from other fluki in the probe. A 
selected quantity of fluid is then aspirated into the probe 
and the probe is removed from the container A precise 
quantity of fluki is then dispensed from the probe. Final- 

ss ly. the operatkxi includes the performing of at least one 
step at selected stages in the method to assure that, 
before the dispensing operatbn is performed, sample 
fluki in the probe extends to the end of the probe wttfK>ut 
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any fluid extending beyond the end of the probe. 

For one embodiment of the inv^ion, the fluid as- 
pirated includes both the selected quantity of fluid to be 
dispensed and a selected extra volume of fluid; and the 
last step in the operation includes the step, performed 
prior to the dispensing step, of wasting a selected quan- 
tity of the sample which is greater than the maximum 
amount that the at least one air bubble might shrink as 
a result of the pressure in the container being less than 
the pressure outside the container, but less than the se- 
lected extra volume of fluid. This wasting step assures 
that, when dispensing is performed, the fluid sample will 
extend to the end of the probe, but that a fluid droplet 
will not extend beyond the end of the probe, so that the 
measuredquantfty of fluid being dispensed results in the 
selected quantity of fluid actually being dispensed. 

To reduce the amount of fluid that needs to be wast- 
ed in the above operation where the pressu re in the con- 
tainer is unknown, two additbnal steps may be per- 
formed. In particular, before the probe is inserted in the 
container, a volume of fluid may be withdrawn from tiie 
probe, which volume is substantially equal to at least the 
sum of the volumes of the selected quantity of fluid to 
be aspirated, the at least one air bubble and the selected 
extra volume of fluki, the volume of fluid being withdrawn 
from the probe being replaced by air entering the probe. 
After the probe is inserted in the container, a volume of 
air is dispensed from the probe into the container which 
is substantially equal to the volume of fluid previously 
withdrawn, less the volume of at least one of the sepa- 
rator air bubbles. 

For an alternative embodinnent of the inventbn. the 
pressure irtside and outside the container is equalized, 
for example by inserting a hollow needle into the cor>- 
tainer through the seal and then removing the needle 
before the probe is inserted. Also before the probe is 
inserted, a volume of fluid is withdrawn from the probe 
which is equal to at least the sum of the votunrte of the 
selected quantity of fluid to be aspirated and the at least 
one air bubble, with this withdrawn volume again being 
replaced by air. The pressure in the container is then 
increased when the probe has been inserted by dis- 
pensing the volume of air previously drawn into the 
probe, less the volume of at least one of the air bubbles, 
into the container prk^r to fluid aspiration. The results of 
these three steps is that, when aspiration of the fluid has 
been completed, the pressure in the container is sub- 
stantially equal to the pressure outside the container, so 
that there is sut>stantially no expansion or contractbn of 
the separator bubbles when the probe is withdrawn. 

For a third OTnbodiment of the invention, where the 
pressure in the container, at least before the probe is 
inserted, is known, the air volunrte change in the at least 
one bubble which would occur when the probe is re- 
moved from the container as a result of the difference 
in the pressure inside and outside the container is ini- 
tially computed, and a volume of fluki is withdrawn from 
the probe which is related to at least the sum of the vol- 



umes of the selected quantity of fluid to be aspirated, 
and the at least one air bubble, plus or minus the air 
volume computed during the prior step. Again, after the 
probe is inserted in the container, a volume of air is dis- 

s pensed from the probe into the container whch is sub- 
stantially equal to the volume of fluid previously with- 
drawn from the probe less, the volume of at least one of 
the air bubbles. 

Where a single probe may be utilized to withdraw 

10 samples from a plurality of different containers before 
dispensing the contents of the probe, the at least one 
step performed at selected stages in the method to as- 
sure that the sample extends to and only to the end of 
the probe may be performed for each sample aspirated. 

IS The foregoing and other objects, features and ad- 
vantages of the Inventkjn will be apparent from the fol- 
bwing more particular d^criptbn of preferred embodi- 
ments of the invention as illustrated in the accompany- 
ing drawings. 

20 

In the Drawings 

FIG. 1 is a semibkx:k diagram of a flu ki aspirating 
and dispensing system in whk;h the teachings of this in- 
2S venXion might be employed. 

FIG. 2A is a diagram illustrating a probe having fluki 
aspirated therein, with the fluid sample at the desired 
position at the end of the probe. 

FIG. 2B is a diagram of the same probe where, be- 
30 cause of the pressure ir^kle the container being less 
than that outside, separator air bubbles have contracted 
upon withdrawing the probe from the container, causing 
the sample to recede from the tip. 

FIG. 2C is a diagram of a probe of the type shown 
3S in FIG. 2A illustrating the formatbn of a drop extending 
from the tip of the probe when the separator air bubbles 
expand as a result of the pressure in the container being 
greater than that outside. 

FIG. 3 is a flow diagram illustrating the operatnns 
40 for the various embodiments of the invention. 

Detailed DescrMUm 

FIG. 1 illustrates a fluki aspirating and dispensing 
45 system in whch the teachings of this invent»n might be 
employed. Referring to FIG. 1, the system 10 includes 
a jar. test tube or other container 12 whk^h is sealed by 
a seal 1 4 of a type known in the art wh k:h may be pierced 
a number of times by a needle or probe and will reseal 
so afler each piercing. Such seals are typically formed of 
a plug or membrane of a rubber or other elastomerk: 
material Container 12 may be filled to a selected level 
with a fluid 16 to be aspirated. The fluid 16 may for ex- 
ample be bkxxi or some other bodily flukJ on whk:h var- 
ss k>us medical tests are to be performed or may be some 
chemical substarrce in flukJ form which is to be dis- 
pensed in relatively small, precise quantities. A hollow 
needle 18 is provided whbh may, for at least one errr- 
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bodiment of the invention, be used to prepierce seal 14 
to equalize the pressure inside artd outside of the con- 
tainer and a probe 20 is provided which is used for as^ 
piradrrg the fluid The aspiration of fluid t6 into probe 20 
and the dispensing of fluid from the probe is caused by 
a purrrp 24 while both the horizontal and vertical posi- 
tions of the probe are controlled by probe/needle posh 
tioning etements 26. As its name suggests, elements 26 
also control at least the vertical position of needle 16 
Posctic^ing elerrtents 26 may be arry of a variety of de- 
vices known in the art for performing such mechanical 
positioning irtduding mechanical positioners using for 
example electric motors, gears, cams and the like, 
pneumatk: or hydraulic positioners, electromagnetic po- 
sitiofters. etc. The operation of the pump 24 and of po- 
sitioning elements 26 are controlled by electrical con- 
trots 28 which may, for example, include a programmed 
general purpose computer. For most application, a mi- 
croprocessor would be adequate for implenDenting the 
f urtctkms of control 28; however, the controls for imple- 
menting this inv^'on may also be performed as one of 
the furK:tior)s for a larger general purpose processor 
which is also used for controlling other operations, spe- 
cial purpose controls rriay be used in control circuit 28, 
or the functbns of this circuit may be performed by some 
combination of hardware and software. One input to 
control 28 for an embodiment of the Invention is the out- 
put from pressure sensor(s) 30. Pressure sensor(s) 30 
may receive its input from a selected point on probe 20 
(or on the tubing leading from the probe to the pump) or 
some type of pressure transducer may be mounted in 
container 12 with the output from this transducer being 
passed through seal 14 or otherwise being outputted 
from the container. Rnally, FIG. 1 shows a cuvette or 
other vessel 32 in which the fluid collected or aspirated 
into probe 20 may be cfispensed for subsequent use and 
a w^e fluid recept^He 33. 

Referring to RG. 2A, the kwer portion of a probe 
20 is shown, which portion contains, starting from the 
tip of the probe» the sample 34, at lea^ a portion of which 
is to be dispensed into vessel 32, a separator air bubble 
36, a separator sample 38, a second separator air bub- 
ble 49, and a fluid 42, which may for example be water 
or sonrre c^her inexpensive fluid, which exterKis between 
separator bubble 40 and pump 24. and is the fluid op- 
erated on by the pump to aspirate or dispense a sample 
from the probe. Separator bubbles 36 artd 40 may in fact 
be c^e or more bubbles and, in conjunction with sepa- 
rator sample 38, are utilized to prevent any leakage or 
contamination of the sample 34 from the operating fluid 
42. 

When performing a dispensing operation, pump 24 
is operated in a manner known in the art to pass a pre- 
cise quantity of the operating fluki 42 into the probe, 
causing a similar precise quantity or volume of the sam- 
ple to be dispensed. So bng as the fluid sample 34 is 
initially arKl finally flush with the tip of the probe as shown 
in FIG. 2A, the amount of fluid dispensed will in fact be 



equal to the precise quantity of fluki whk:h is passed by 
the pump. However, as discussed eariier, if the pressure 
in the container 12 is less tttan the pressure outskie the 
container, whk:h is generally the case for reasons to be 

5 discussed shortly, then when the probe 20 is removed 
from container 12, separator air bubbles 36 and 40 will 
be subjected to a higher external pressure than their in- 
ternal pressure, arid therefore wilt contract slightly until 
an equilibrium is established. This contractwn of bub- 

10 bles 36 and 40 can result in the sample 34 moving away 
from the tip of the probe as ^town in FIG. 2B. This space 
or gap 44 causes a slight shortfall in the amount of fluid 
dispensed since the initial c^eratksn of the pump moves 
the sample down to fill the gap 44 rather than dispensing 

IS fluki. Similarly, if the pressure in container 12 is greater 
than the pressure outside the contairter, when the probe 
is removed from the container, pressure inskle bubbles 
36 and 40 will be greater tfran the outside pressure, 
causing the bubbles to expand slightly. This can result 

20 in a droplet 46 being formed at the end of the probe 
which can be dispensed with the measured sample, 
causing the amount of fluki dispensed to be slightly 
greater than the amount to be prcvkted. A primary ob- 
jective of this inventnn is to assure that a gap 44 or a 

^5 droplet 46 ctoes not exist at the end of the probe before 
fluki sample 34 is being dispensed from the probe into 
a utitizatk>n vessel such as cuv^e 32. 

FIG. 3 is a flow diagram whk:h illustrates three em- 
bodiments for practicirtg the teachings of this invention. 

30 While the diagram provkies tfte optk)n for practknng all 
three embodiments, in a typk^al tmplementatk^n, only 
one of the three emtxxiiments wouki normally be em- 
ptoyed. Further, one of the embodiments is shown as 
having two possible implementatkxrs, although only a 

3S single one of such impl^^tatk)ns would typk^lly be 
emptoyed in a given applk:atkx>. 

With the above tn mind, the first step in FIG. 3 is a 
d^enmination as to whether pressure is to be equalized 
in the filled and sealed container 12 before an aspiratkxi 

40 operation is perforrrted. This step, step 50, would, how- 
ever, rK^ typk^lly be perfomned by controller 28, but 
would instead be a decision m^ie by the system de- 
signer. Assuming a "yes* output during step 50 opera- 
tiorts are performed in accordance with a first emtxxli- 

45 ment of the inventbn. For this embodiment, the first 
step, step 52, is to pierce seal 14 with hollow needle 18. 
This operation is performed by having control 28 oper- 
ate position elements 26 to forcefully lower needle 18 
against seal 14 to cause the needle to puncture and 

so pass through the seal. Needle 18 only pierces the seal 
sufficiently so as to enter the air space in container 12 
above fluki 16. and does not penetrate deeply enough 
so as to enter the fluki. Thus, air nrtay flow through nee- 
dle 18 in a proper directbn to equalize the pressure be- 

ss tween th e inside and outside of the container, the needle 
remaining in the container bng enough for this equali- 
zation to occur When a sufficient perkxi of time has 
passed for pressure equalizatnn to occur elements 26 
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are operated to raise needle 18 to renrKive it from the 
container, seal 14 reclosing on the removal of the needle 
to reseat the contamer. The exact mechanism for nrtov- 
ing needle 18 vertically, and if necessary horizontally, 
does not fonn part of the preset invention and various 
mechanical, hydraulic, electronnagnetrc, pneumatic or 
other techniques known in the art for effecting such me- 
chanical movenrtents may be utilized. As will be dis- 
cussed in greater detail later, needle 18 may be ^tion- 
ary, and step 52 rr^y be performed by forcefully raising 
cup 12, During step 52. needle 18 may also be utilized 
to aspirate any fluid which has adhered to seal or stop- 
per 14. Such fluid nnay contaminate a sample and this 
operation permits its presence to be detected. 

Once step 52 has been conrtpleted, the operation 
proceeds to step 54 to determine if a sample is to be 
taken. If for example a detenmination is made that the 
sample is contaminated, a *no' output might be obtained 
during step 54 causing the aspiratkm to be aborted. Oth- 
erwise, when control 28 determines that a sample is to 
be taken, a "yes" output is obtained from step 54, caus- 
ing the operation to proceed to step 56 during which 
pump 24 is operated to withdraw fluid from the probe 
20. The total volume of fluid withdrawn during step 56 
is substantelly equal to the sum of the volumes for sarr>- 
ple 34, air bubble(s) 36, separator sample 38, and air 
bubble(s) 40. When fluid is withdrawn from probe 20 by 
pump 24, a volume of air equal to the volume of fluid 
removed is sucked into the probe. 

When step 56 has been completed, the operatk>n 
proceeds to st^ 58 to tr^sert probe 20 through seal 14. 
Again, this operatk)n is performed by pos(tk)n elements 
26 under control of controls 28 in manners known in the 
art which do not form part of the present inventbn. Once 
probe 20 has pierced seal 1 4, and either before or after 
probe 20 has entered fluid 16, but preferably before en- 
tering the fluid, pump 24 is operated to perform siep 60. 
During step 60, substantially all the air that was sucked 
Into the probe during step 56 is pushed from or dis- 
pensed from the probe except for the separator bubble 
(s) 40 which remains in the probe below fluid 42. 

Once step 60 has been completed, pump 24 is op- 
erated to aspirate the separator sample 28, assuming 
this sample is used. The probe is then rerrraved from 
fluid 16 and air bubble(s) 36 is aspirated into the probe 
before the probe is reinserted in the fluid and the sample 
34 is aspirated. The volume of sannple 34 will be at least 
equal to the volume of the one or more samples of the 
fluid which are to be sut)sequently dispensed and is 
preferably slightly greater than the total volume of fluid 
to be dispensed. The aspirating of flukj arKi air bubbles 
is performed during step 62. Once the aspirating oper- 
ation 62 is completed, the operation proceeds to step 
64 to remove the probe from the container. 

The effects of the operatkxi as described above are 
that the pressure in the container 12 is initially equalized 
to the pressure outside the container Then, during step 
60, the container is pressurized by an anrK)unt whk:h is 



substantially equal to the pressure drop in the container 
which will occur as a result of the aspiration of the fluid 
and air tmbbles therefrom. Thus, at the end of ^ep 62, 
the pressure in the container is again substantially equal 

s to the pressure outside the container, so that when, dur- 
ing step 64, the probe is removed from the seated con- 
tainer, the pressure in the bubbles 36 and 40 is sut)stan- 
tially equal to the external pressure and no expansion 
or contraction of these but>bles occurs. The fluid sample 

10 34 therefore extertds substantially to the tip of the probe 
as shown in FIG. 2A rather than being either slightly 
above or below the tip of the probe as shown in FIGS. 
2B and 2C, respectively. 

Once step 64 has been completed, the operatkin 

IS may proceed to step 66 to determine if more sanrtples 
are to be taken from closed containers for the given 
probe. It is noted that the sample 34 taken from a single 
container 12 may be sufficient tor dispensing into sev- 
eral vessels 32. The determination during step 66 is 

20 whether samples of a dilutant, catalyst, or other fluid are 
also to be aspirated into the probe 20 from ck>sed con- 
tainers before fluid is dispensed into vessel 32. Assum- 
ing a "y^* output is obtained during step 66. the oper- 
ation returns to step 52 (preferably through a standard 

2S probe wash step which is not shown) to equalize the 
pressure in the container 12 for this new sample, artd 
then through steps 54-66 to take the new sample. It is 
noted that at least one air bubble will be provicted to sep- 
arate the new sample from the old sample, this being 

30 done primarily to prevent leaking of the sample 34 pre- 
viously taken into the fluid 16 tn the new container. It is 
also rtoted that the greater the numt>er of air bubbles in 
the pipette when the dispensing of samples finally oc- 
curs, the greater the potental for error and therefore the 

35 more important the teachings of this invention become. 
Finally, it shoukl be noted that while in FIG. it is assumed 
that the same embodiment of the invention is being 
practiced for all of the samples during a given teiadtng 
of a pipette, this is also not a limitation on the invention 

^ and a "yes" output f rc^ step 66 could lead back to step 
50 rather than to step 52. However, the most likely mode 
of operatkxi would be that shown. 

Either from step 64 if the system is designed to op- 
erate with only a single sample for each operatbn, or 

45 from step 66 when this step is utilized and a "no" output 
is obtained during this step, the operation proceeds to 
step 68 to cause the sample to be dispensed into vessel 
32. Again, all of the sample may be dispensed into a 
single vessel 32, or step 68 may involve a sequence of 

so dispensing operations cnto a number of cuvettes or other 
vessels 32. For these operatbns, position elements 26 
may be operated to move the probe 20 in a horizontal 
or lateral direction to be successively positioned over 
the vessels 32 or the probe may be laterally moved to 

ss a dispensing station, with the vessels 32 being succes- 
sively moved under the probe to have the fluid samples 
dispensed therein. Dispensing is accomplished in 
standard fashkxi by operation of pump 24. 
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If during st^ 50 a determination is made that pres- 
sure is not to be equalized, the operation proceeds to 
step 70 to determine if sample is to be taken. If a sample 
is to be taken, the operation proceeds to step 72 to de- 
termine if the pressure and air volume in the ccmtainer 
is known or unknown. Again, step 50 wouki probably be 
performed by the system designer and not by control 

and the same wouM probably also be true of step 
72. Thus, assuming the system was not to operate in an 
equalizatkvi mode resulting from the use of a piercing 
needle 18, and that a pressure sensor 30 was not pro- 
vided, the first step in the operatton. once it was deter- 
mined that a sample was to be taken, wouki be step 74. 
This step is similar to step 56 with the pump being <^ 
erated prior to the probe being inserted in the container 
to remove a quantity of fluid substantially equal to that 
of the fluki and air to be aspirated, except that for step 
74 a selected extra volume of fluid is also withdrawn dur- 
ing this step, whk:h volume is greater tfian the maximum 
volume of the gap 44 whk:h could result from shrinkage 
of air bubbles in the probe such as the air bubbles 36 
and 40. For reasons whk:h will be discussed later, step 
74 is optk^nal for this embodiment of the inventbn and 
may not in fact be performed for the most preferred em- 
bodiment of the invention. Either after step 74 has been 
completed, or after a decision is made that a sample is 
to be taken if step 74 is not to be performed, the opera- 
tksn proceeds to step 76 to insert the probe through seal 
14 in the same manner as for step 58, and to step 78 to 
dispense substantially all the air whk:h was sucked into 
the probe during step 74 into the container in the same 
manner as for step 60. Step 78, like step 74, is optional 
for this embodiment of the irrventksn, and step 78 would 
be performed only if step 74 is also perfomned. If steps 
74 and 78 are not performed, then either before or after 
step 76 is performed, and preferably after step 76, a suf- 
ficient quantity of fluid woukl be withdrawn from the 
probe, with the probe out of the fluid to create the air 
bubbte(s)40. 

Once these operations have been completed, sam- 
ple and additional air but)bles would be aspirated during 
step 80 sfftd an extra volume woukf also be aspirated 
during this step, which volume is, as previously indicat- 
ed, somewhat greater than the maximum volume whrch 
could occur for gap 44 as a result of bubble shrinkage. 
When aspiratkxi has been completed, the probe is re- 
moved from container 12 during step 82 and tfie oper- 
ation then proceeds to step 84 during whrch a selected 
volume of the sample is wasted. In partk;ular, since the 
initial pressure in the container is not equalized and is 
not know, the most that can be accomplished by steps 
74 and 78 is to make sure that the pressure change re- 
sulting from the removal of fluid and air from the con- 
tainer does not aggravate the pressure imbalance so 
that the pressure imbalance between the inskte and out- 
side of the container when aspiratkm of fluid has been 
completed (i.e. after step 80) is the sanDe as the pres- 
sure balance was when the probe was originally insert- 



ed. If the pressure in the container 12 is less than the 
external pressure, this operation will in fact be advanta- 
geous since it will result in there being a smaller pres- 
sure diflerential when the probe is removed, and thus 

s less shrinkage to be compensated for. However, if the 
pressure in the container was initially greater than the 
external pressure, these operations will aggravate rath- 
er than alleviate the problem. Since initial vacuum pres- 
sure is frequently empk>yed in the containers, sirtce re- 

10 rnoval of fluid and air from the containers rtormally re- 
sults m a reductk^n of pressure in the container and 
since the temperature of the blood in the container under 
ambient conditions is generally less than that of the 
bkxxl when it was initially loaded into the container, re- 

is suiting in a slight decrease in the volurrte of the fluid 
which reduces pressure, it is significantly more probable 
that the pressure in the container 1 2 is less than the ex- 
ternal pressure than that it is greater. However, there 
are also circumstances tinder whk:h the pressure may 

20 be greater, and steps 74 and 78 wouU not be empbyed 
in such environmerYts. Further, since steps 74 and 78 
cannot assure that there will be no gap 44 or bubble 46, 
this being prevented by the initial pressure in the con- 
tainer being unknown, additional compensatbn step 84 

2S is required in any event. Therefore, the cxily advantage 
in performing steps 74 and 76 is that they generally will 
result in less sample being wasted during step 84. Ex- 
cept m cases where the sample flukl is partk;ularty val- 
uable or in particularly short supply, this advantage may 

30 not justify the additk)nal time and processing effort in- 
volved in performing steps 74 and 76. In any event, dur- 
ing step 84. the amount of fluid wasted wouki be an 
amount substantially equal to or greater than the maxi- 
mum anticipated gap 44 which could occur, but less than 

35 the extra volume aspirated during step 80. This extra 
volume would be dispensed by pump 24 into a suitable 
receptacle 33 for disposal. Therefore, when st^ 84 has 
been completed, to the extent there was a gap 44, it no 
brrger exists. Further, to the ext^t there was a droplet 
46, it has also been dispensed an6 no bnger exists. 
Therefore, at the end of step 84, the probe is in the de- 
sired state shown in FIG. 2A. 

From step 84, the operation proceeds to step 86 to 
determine if more sample are to be taken, step 86, like 

45 step 66, being optior^l. If a "yes* output is obtained dur- 
ing step 66, the c^ration may retum, preferably through 
a wash step (nc^ shown), to step 72 (as shown), or may 
retum to step 50, step 70 or step 74, the step retumed 
to dep^ding on the optbns which the system designer 

so wishes to provkJe. When, from step 84 or 86, a detenmi- 
natkx) is made that there are no more samples to be 
taken, tfte operatkxi proceeds to step 68 to cause the 
samples to be dispensed in the manner prevk>usly indi- 
cated. 

ss If during step 72 a "yes* output is obtained, meaning 
that there is a pressure-sensing device 30 for example, 
and that the air volume in the coitatner is known or has 
been determined utilizing one of a numt^r of toiown 



6 



11 



EP0747 689A2 



12 



techniques, the detected pressure and air volume are 
utilized during step 90 to ctetermine the exact change in 
air buttle volume which wilt occur as a r^utt thereof. It 
is noted that the pressure differential may be either plus 
or minus so that the change in air volume may also be 
either an increase in air volume or a decrease. 

During step 92, the next step in the operation, pump 
24 is operated to remove a volume of fluid from the 
probe which, as for ^eps 56 artd 74, is substantially 
equal to the volume of the areas 34, 36, 38 and 40, ex- 
cept that during step 92 this volume is either increased 
or ctecreased by an amount which is related to the vol- 
ume computed during step 90. From step 92, the oper- 
ation proceeds to step 94 to insert the probe through the 
seal arrd step 96 to dispense the air which has been 
sucked into the probe back into container 12 except for 
the air bubble(s) 40. Step 98 is then performed which 
causes the sample 34, air bubble(s) 36 an6 sample 38 
to be aspirated. The effect of steps 92, 96 and 98 is that, 
at the end of step 98, the pressure in container 12 is 
sut>stantially equal to the external pressure so that, 
when the probe is removed from the container during 
step 100, there is substantially no expansion or contrac- 
tbn of the separator air bubbles. Thus, there is substan- 
tially no air gap 44 or overshoot droplet 46. From step 
100, the operation returns to step 86, if this operation is 
to be performed, to determine if more samples are to be 
taken. When more samples are ruTt to be taken, the op- 
eratbn proceeds to step 68 to cause the sample or sam- 
ples to be dispensed in the manner previously indicated. 

Each of the embodiments discussed above has cer- 
tain advantages and disadvantages so that the embod- 
iment which is preferred will vary with application. Since 
the second emlxxJiment, without steps 74 and 78. is the 
simplest embodiment, this embodiment might be pre- 
ferred where wasting of a certain amount of the sample 
fluid 16 is not a problem. If the loss of sample is a prob- 
lem, then the third embodiment may be preferred where 
speed is a factor since the extra electrical operations for 
this embodiment will take less time than the mechanical 
operatbn of step 52 in equalizing pressure. However, 
the requirement to take accurate pressure and volume 
readings for this embodirr^t of the invention and the 
extra processing steps involved in performing caknila- 
tkxis are possible disadvantages for this embodiment. 
The accuracy of results using this emt)odiment will also 
depend on the accuracy with which pressure readings 
and volume determinations can be qubkly taken and the 
accuracy of the computations. In additk)n to the possible 
time loss from mechanical operations, the first embodi- 
ment may also be a potential problem, particularly if the 
pressure in the container is greater rather than less than 
the external pressure, in that some bkxx) may squirt out 
through the needle when the needle is inserted. A trap 
may be provided to deal with this problem. 

While an exemplary embodiment has been shown 
in FIG. 1, it is apparent that this is only for purposes of 
illustration and that the inventton can be implemented 



on a wkie variety of avaiteble equipment or on equip- 
ment to be devetoped in the future. Controls may be of 
a variety of types as previously indicated. In particular, 
while in FIG. 1 it is assumed tf^at the container 12, vessel 

s 32 and waste f1 uid receptacle 33 are statbnary and that 
position elements 26 move needle IB and probe 20 to 
perform the various puncturing, aspirating and dispens- 
ing operations, this is not a limitation on the inventkx) 
and the inventk>n could just as easily be practiced with 

10 needle 1 8 arrcl/or probe 20 being statkviary and contain- 
er 12 being moved laterally by suitable equipm^t 
known in the art to positbn it under the needle and probe 
and/or being raised and lowered to facilitate piercing of 
seal 14 by needle 18 and/or probe 20 artd removal of 

IS the needle and/or probe from the container. Vessel 32 
and/or waste fluid receptacle 33 could be similarly 
moved relative to the prc^jes. Thus, while the inventksn 
has been particularly shown and described above with 
reference to preferred embodiments, the foregoing and 

20 other changes in form and detail may be made therein 
by one skilled in the art without departing from the spirit 
and scope of the invention. 



1. A method for aspirating a fluid from a sealed con- 
tainer and for dispensing a precise quantity of the 
fluid comprising the steps of: 

30 

(a) inserting a probe into the container through 
a seal formed thereon while maintaining the 
container sealed; 

(b) providing at least one air bubble in the probe 
35 to separate any sample from other fluid in the 

probe; 

(c) aspirating a selected quantity of the fluid into 
the probe; 

(d) removing the probe from the container, 
^ (e) dispensirtg a precise quantity of the fluid 

from the probe; artd 

(f ) pert omning at least one step at selected stag- 
es in the method to assure tftat, before step (e) 
is perfomted, sample fluid in the probe extends 
45 to the end of the probe without any of the fluid 

extending beyond the ertd of the probe. 

2. A method as claimed in claim 1 wherein step (c) in- 
cludes the step aspirating both the selected 

50 quantity of fluid to be aspirated and a selected extra 
volume of fluid, and wherein step (f) irtcludes the 
step performed between steps (d) artd (e) of (g) 
wasting a selected quantity of the sample which is 
greater than the maximum amount the at least one 

55 air bubble might shrink as a result cf the pressure 
in the container being less than the pressure out- 
side the container, but less than said selected extra 
volume of fluid. 
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3. A method as claimed in claim 2 wherein the pres- 
sure in the container both before step (a) is per- 
formed and after step (c) is pert omied are unknown, 
artd at (east cme of these pressures differs from the 
pressure outside the container; artd including the 
steps perfonmed before and after step (a), respec- 
tively, of: 

(h) withdrawing a volume of fluid from the probe 
which is substantially equal to at least the sum 
of the volumes of the selected quantity of fluid 
to be aspirated, the at least one air bubble and 
the selected extra volume of fluid, a volume of 
air entering the probe to replace the volume of 
fluid; arKi 

(i) dispensing a volunrve of air from the probe 
into the container which is substantially equal 
to the volume of fluid withdrawn during step (h) 
less the volume of at least one of sard air bub- 
bles. 

4. A method as claimed in claim 1 wherein step (f) in- 
cludes the steps performed before step (a) of: 

(j) equalizing the pressure inside artd outside 
the container; 

(k) withdrawing a volunte of fluid from the probe 
which is equal to at least the sum of the volumes 
of the selected quantity of fluid to be aspirated 
and the at least orte air bubble, a vdurrte of air 
^tering the probe to replace the volume of flu- 
id; and the step performed after step (a) of 
(I) dispensing a volume of air from the probe 
into the container which ts substantially equal 
to the volume of fluid withdrawn during step (k) 
less the volume of at least one of saxi air bub- 
bles. 

5. A method as claimed m datm 4 wherein step (j) in- 
cludes the step of inserting a hollow needle through 
the container seal and removing the needle before 
step (a) is perfomrted. 

6. A method as claimed in claim 1 wherein the pres- 
sure in said container before step (a) is performed 
is known, and step (f) includes the steps performed 
before step (a) of. 

(m) computing the air volume change in the at 
least one bubble whk:h wouM occur after step 
(d) as a result of the diflerence between the 
pressure inside and outside the container, 
(n) withdrawing a volume of fluid from the probe 
which is substantially equal to at least the sum 
of the volumes of the selected quantity of fluid 
to be aspirated, the at least one air bubble, the 
air volume computed during step (m); and the 
step performed after step (a) of 



(o)dispensing a volume of air from the probe 
into the container which is sut>stantially equal 
to the volume of fluid withdrawn during step (n) 
less the volume of at least one of said air bub- 
s bles. 

7. A method as claimed in claim 1 wherein steps (a)- 
(d) may be perfonmed a plurality of times with a giv- 
en probe for different containers and samples be- 
10 fore step (e) is performed, and wherein step (f) is 
periormed for each iteration of steps (a)-(d). 

8l a method for aspirating a fluid from a sealed con- 
tainer and for dispensing a precise quantity of the 
IS fluid comprising the steps of: 

(a) inserting a probe into the container through 
a seal formed thereon while maintaining the 
container sealed; 
20 (b) provkied at least one air bubble in the probe 

to separate any sample from other fluid in the 
probe; 

(c) aspirating a selected quantity of the fluid into 
the probe, said selected quantity irtcluding at 

25 least a volume of fluid to be dbpertsed and a 

selected extra volume of fluid; 

(d) removing the probe from the container; 

(e) wasting a selected quantity of the sample 
which is greater than the maximum amount the 

30 at least one air bubble might ^rink as a result 

of the pressure in the container being less than 
the pressure outskie the container, but less 
than said selected extra volume of f\ui&, and 

(f) dispensing the precise quantity of fluid to be 
35 dispensed from the probe. 

9. A method as claimed in claim 8 wherein the pres- 
sure in the container both before step (a) is per- 
formed and after step (c) is performedare unknown, 

^ and at least one of these pressures differs from the 
pressure outside the container; and irtcluding the 
steps performed before artd after step (a), respec- 
tively of: 

^ (g) withdrawing a volume of fluid from the probe 

which is substarttialty equal to at least the sum 
of the volunrtes of the selected quantity of fluid 
to be aspirated, the at least one air bubble and 
the selected extra volume of fluid, a volunrte of 

so air entering the prdbe to replace the volume of 

fluid; and 

(h) dispensing a volume of air from the probe 
into the container which is substantially equal 
to the volume of fluki withdrawn during step (g) 
ss less the volume of at least one of said air bub- 

bles. 

10. A fluki aspirating and dispensing apparatus for as- 
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pirating a sample from a seated container (12) by 
means of a probe (20) capable of piercing a seal 
(14) on the container, the apparatus including aspi- 
rating means (24) connected to the probe (20), po- 
sitioning means (26) for the probe (20) and control s 
means (28) for the apparatus, the control means be- 
ing programnrted to cause the apparatus to perform 
a method claimed in any preceding claim. 
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